UBLIC INTEREST has recently focused on the biological P effects of exposure t o electric and magnetic fields associated with electric power distribution and utilization. In response t o this interest, the Institute of Electrical and Electronics Engineers (IEEE) has made an analysis of six recent major scientific committee reports dealing with this subject. The conclusions drawn from these committee reports are presented in this summary. Expertise has been drawn from IEEE's Working Group on Biological Effects of Power Frequency Electric and Magnetic Fields, its Committee on Man and Radiation, and its Energy Committee, t o develop the following statement.
In general, all of the reports concluded that biological systems are sensitive t o power-frequency electric and magnetic fields. Three reports (3, 4, 5) concluded that no specific hazards, either acute or chronic, can be identified from the data. The t w o World Health Organization (WHO) reviews (1, 2) concluded that no long-term effects could be identified, but suggested that exposure should be limited. These conclusions were based on the available peer-reviewed scientific literature, interpreted on the basis of the individual expertise of the panel members, almost all of whom have conducted some form of biological research involving electric and magnetic fields.
The New York State Power Lines Project Scientific Advisory Panel (NYS Panel) (61, which published a final report on July 1, 1987, was an exception. The report states that the NYS Panel was composed primarily of scientists with expertise in specific scientific disciplines, but with minimal ties t o existing 50/60 Hz electric and magnetic field programs. The NYS Panel relied almost exclusively on the data supplied by the 1 4 laboratory and t w o epidemiology investigations funded by the New York State Power Lines Project. In all cases, the data were presented in research reports supplied to the NYS Panel. As of the date of this USA6 Entity Position Statement, not all of the studies have been published in the peer-reviewed scientific literature. The NYS research program required that all exposure facilities include combined electric and magnetic field conditions, assuming that if effects were observed, the responsible component could be identified at a later date. All NYS-funded laboratories were independently reviewed by the National Bureau of Standards t o characterize the exposure systems. Exposure characterization has been a major concern in the comparison of experimental data among laboratories, because such information is not always available.
The NYS Panel (6) concluded, in agreement with other reports, that biological effects are possible from field exposure. They further concluded that health concerns are possible, including increased incidence of childhood cancer. The NYS Panel further concluded that there are neurologic effects that appear t o be reversible, but when occurring may affect individual performance. Also in agreement with other reports, the NYS Panel recommended that further research is necessary t o define the results of their program, and stated that an independent federal agency should take the lead.
The t w o WHO reports ( 1 , 2 ) and the NYS Panel report ( 6 ) concluded that, despite the lack of definitive evidence, there are health concerns. They further concluded that there is sufficient evidence, or enough unanswered questions, t o justify the exercise of caution. The reports stated that caution can be implemented by reducing the intensity of the fields or b y limiting the exposure of people. The first WHO document ( 1 ) recommended that exposure be limited for both residential and occupational sites in which field strengths exceed 10 kilo-volts per meter, and that caution should be exercised for field strengths from 1 t o 1 0 kilovolts per meter. Specific recommendations were made t o avoid spark discharge. The second WHO report (21, based o n available data on human exposure t o time-varying magnetic fields, concluded that for frequencies of 50160 Hz: (a) exposures t o fields below 5 millitesla (mT) have not been shown t o produce any significant biological effects: (b) fields of 5 -5 0 m T have been shown t o produce biological effects which may have minor transient health consequences for short-term exposure (a f e w hours), but unknown health consequences for long-term exposures (many hours, days, or weeks); and (c) exposure t o fields greater than 50 mT exceeds various cell stimulation levels, which may result in health hazards. The NYS report (6) went further and recommended implementation of "a major research effort on means of power delivery and use that would reduce magnetic field exposure." This recommendation was directed at utilities, appliance makers and other entities involved in power distribution and use, suggesting that they begin consideration of possible remedial actions t o reduce power-frequency magnetic fields in houses.
The findings and recommendations of the NYS report (6) indicate that as this field of study develops, more data could become available which would increase interest in establishing exposure criteria. The report by the NYS Panel (6) contains the most up-to-date data, and also includes more data on biological effects of combined electric and magnetic fields than prior reports.
All of these reports concluded that, based on whatever data base is used, there is insufficient information t o define safe or unsafe field levels. The NYS Panel report (6) indicated that magnetic field intensities comparable to those found near transmission and high-current distribution lines may be of concern, but that more information is required. The Florida report (4) concluded that exposure-reduction regulatio'ns would have t o be based on criteria other than scientific data on health.
In general, notwithstanding the stronger statements provided by the NYS Panel, there remains insufficient inforniation t o establish whether common exposure to powerfrequency electric and magnetic fields should by considered a health concern. There is general agreement that more research is needed. The findings of the NYS Panel support conclusions of others that the nervous system is sensitive t o power-frequency fields, and that concerns of cancer must be addressed. The results of the Savitz epidemiology study on childhood cancer, referred t o in the NYS report (61, were generally consistent with the initial findings of Wertheirner and Leeper (Am J Epidemiol 109: [273] [274] [275] [276] [277] [278] [279] [280] [281] [282] [283] [284] 1979 ). This consistency has been a contributing factor in stimulating further interest in conducting human studies. These results also increase motivation for sponsoring agencies t o address the cancer issue using animal models.
Currently there are some 60 significant separate ongoing or proposed research projects to study the effects of powerfrequency magnetic fields. The efforts are international in scope and there is sufficient communication between the different programs t o ensure that all are adequately apprised of meaningful developments
CONCLUSIONS
Interest in the influence of power-frequency electric and magnetic fields on health is rapidly expanding, in part due t o the conclusions of the NYS report (6 A t present there is no consensus expressed in any of the published reports as t o which factor, the electric or magnetic field, is biologically important. Similarly, the roles of field strength, duration of exposure, and intermittent versus continuous exposure are also unknown. This uncertainty complicates efforts t o develop and implement methods of exposure mitigation. There is no clear direction concerning whether t o reduce fields, and if so by how much, or whether harmonics are a factor. The initiation of exposure mitigation without an adequate scientific base may not be effective. EPRl is beginning to address the question of what is the level of actual human exposure, with plans for a national program of power-frequency magnetic fields measurements. It is expected, however, that such an effort will take years before useful information is available. It will take additional years for the biological sciences t o determine what component of exposure, if any, is a factor in health risks
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